We present resonant tunneling diode-photodetectors (RTD-PDs) with GaAs0.15Sb0.85/AlAs0.1Sb0.9 double barrier structures combined with an additional quaternary Ga0.64In0.36As0. 
Mid-infrared GaSb-based resonant tunneling diode photodetectors for gas sensing applications We present resonant tunneling diode-photodetectors (RTD-PDs) with GaAs0.15Sb0.85/AlAs0.1Sb0.9 double barrier structures combined with an additional quaternary Ga0.64In0.36As0.33Sb0.67 absorption layer covering the fingerprint absorption lines of various gases in the mid-infrared wavelength spectral region. The absorption layer cut-off wavelength is determined to be 3. In their pioneering work more than 40 years ago, R. 20, 21 ICDs are complex devices that require many type I and II heterostructure interfaces, accurate sidewall passivation, and hence demand high accuracy throughout the growth and fabrication processes. 22, 23 In contrast, RTD-PDs are composed of a rather simple heterostructures design. 24 Moreover, RTD-PDs enable high multiplication factors due to the possibility of controlling the tunneling current via Coulomb interaction of photo-generated minority charge carriers. 25 In recent publications, we studied the electrical characteristics of RTDs based on GaSb/AlAsSb double barrier structures and demonstrated room temperature resonant tunneling by incorporation of ternary GaAsSb or GaInSb prewells. 26, 27 In this study, we present resonant tunneling diode photodetectors with a GaAsSb/AlAsSb double barrier regions. The numerical simulations are performed with the nextnano tool. 28 The mole fractions of the quaternary absorption layer are designed for a bandgap energy corresponding to a cut-off wavelength of 3.5 µm. The transition energy spectrum is confirmed by the photoluminescence measurement shown in Figure 1 (b), which shows a peak wavelength of 3 µm and a cut-off wavelength of 3.5 µm. Additionally, the spectral position of the three lasers used for characterization is marked with black, red, and blue marks for CO2, CO, and HCl, respectively. Under illumination with light wavelengths below 3.5 µm, electronhole pairs are created within the absorber region. Good crystal growth quality and layer thicknesses are confirmed via cross-sectional scanning electron microscopy and high-resolution x-ray diffraction measurements (both not shown here).
Circular RTD-PD devices are fabricated with photolithography techniques and dry-chemical etching. The dry-chemical etching process provides smooth sidewalls as shown in Figure 2 (a). For antimony containing materials, the dry-chemical etching process induces dangling bonds due to the abrupt termination of the periodic crystalline lattice. Those create additional interfacial conductive states at the surface. 21 In addition, oxidation of Ga(InAs)Sb gives rise to leakage currents through the formation of a semi-metallic conductive layer of Sb at the surface. 29 Therefore, a Si3N4/SiO2 passivation is applied for sidewall leakage
reduction. An ohmic Ti/Pt/Au contact is deposited on the top and complemented by an AuGe/Ni/Au contact at the back of the sample, which is shown in the scanning electron microscopy picture in Figure   2 (b) for the top contact. Electrical characterization and photocurrent measurements are performed at room temperature (23 °C). as well as the saturation of the PVCR for larger RTD-PD areas indicate a good process quality with low sidewall leakage current contributions. 30 The PVCR presented here is higher as the previous reported PVCR of 2.4 with electron injection from a ternary compound prewell 31 This is attributed to the enhanced Γ-L valley energy separation and effective larger barrier thickness for the electron injection from the quaternary absorption layer. 32 Photocurrent measurements are carried out using three DFB-Lasers with emission wavelengths of 2004 nm, 2330 nm, and 3395 nm that were designed for the detection of CO2, CO, and HCl respectively.
Photocurrent measurements are performed in pulsed-mode-operation with a lock-in amplifier. The responsivity is determined from the photocurrent, the light power density, and the detector area. In order to measure the light power density, a beam profile was recorded prior to the experiments and a Gaussian fit was calculated. Figure 4 (a), the first peak also appears for 3395 nm at 0.4 V, but in a much more attenuated shape compared to the other two wavelengths. We assume that the two peaks occur due to the interplay of the bias dependent quantum efficiency 26 
